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ATTORNEY DOCKET NUMBER; 200902578-1 
IN RE APPLICATION OF: U.S. Patent No. 7,801,490 
USPTO CONFIRMATION CODE: 4153 
APPLICATION NO.: 10/803 J 72 
FILED: Mar, 17, 2004 
EXAMINER: TEMICA M BEAMER 
GROUP ART UNIT: 261? 

FOR.: INTER fERLNCE BASED SCHEDULING USING COON DIVE RADIOS 

V CTR 1 *2 LAllL^J RI< % H IS! I OR U K 1 U h M I n CORKH ON 

HONORABLE COMMISSION ER OF PATENTS & TRADEMARKS 
Sir: 

The following is a request for a certificate of correction in Serial Number 
I0/803T72, now Patent Number 7 JO 1,490. 

A certificate of correction under 55 PNC 254 is respectfully requested ijvi.be 
above- ideoti fJ ed patent. 

[jj All errors were the faul t of the USPTO, no fee required. In the event that a .farther 
fee is required, please charge the amount to Deposit Account No. 082025. 

[X] All errors were the fault of the applicant and, accordingly, please charge SI 00.00 
to our Deposit Account No. 082025. In the event that a further fee is required, please 
charge the amount to the same Deposit Account. 

□ The were si le fa pi f . and USPTO I. accordn 

please charge Si 00.00 to our Deposit Account No. 082025. In the event, that a further fee 

is required, please charge the amount to the same Deposit Account. 

The exact locations where the errors appear in the patent and patent application 
are as follows: 

-3 - 



In column 25.. line 39. in Claim 1 2.. alter "one of saitf ' delete "subscriber statior 
(Amendments to claims filed n Apt 2! 2010, page 4 a claim 13 lines 2-3) 

In column 25, line 54, in Chum i 7. after "claim ?" insert 

(Amendments to claims filed on Apr. 21, 2010, page 5, in claim IS, line 1) 

In column 2 7, line 10, in Claim 32, alter "served by* delete AC 

( Amendments to claims filed on Apr. 21, 2010, page 9, in claim 34, line 2) 

In columa 27, line 10, in Claim 32, after "communication node" insert - •- , •- -, 
(Amendments to claims filed on Apr, 21, 2010, page 9, in claim 34, line 3) 

In column 28, line 24, in Claim 45, delete "down link'" and insert - - downlink - 
(Amendments to claims filed on Apr. 2L 2010, page 12, in claim 48, line 2) 

In column 29, line 43. in Claim 61, delete Abwn link" and insert - -• downlink - 
(Amendments to claims filed on Apr. 21 , 2010, page 1 6, in claim 65, line 2) 

In column 30, line 1 1 , in Claim 63, delete "deed back'" and insert - - feedback - - 
(Amendments to claims filed on Apr. 2L 2010, page 16, in claim 67, line 2) 



The requested corrections are attached on Form PTO 1050. 
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September 12, 2011 /Catherine M. Voisinet/ 

DATE. Name: Catherine M. Voisinet 

Registration No . : 5232? 
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intellectual Property Administration 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
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PATENT NO. : 7,801,490 

APPLICATION NO. : 10/803,172 

ISSUE DATE : Sep. 21,2010 

INVENTORCS) : Shimon B. Scherzer 

It is certified that an error appears or errors appear in the above-identified patent and 
that said Letters Patent is hereby corrected as shown below; 

In column 25, line 39, in Claim 12, after "one of said" delete "subscriber stations". 

In column 25, Sine 54, in Claim 17, after "claim 7" insert 

In column 27, line 10, in Claim 32, after "served by" delete "a". 

In column 27, line 10, in Claim 32, after "communication node" insert - - , - -. 

In column 28. line 24, in Claim 45, delete "down link" and insert - - downlink - 

In column 29, line 43, in Claim 61, delete "down link" and insert - - downlink - -. 

In column 30, line 1 1 . in Claim 63, delete "feed back" and insert - - feedback - -. 
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Oisciosed are systems aid mcthtxis wliith tifjplefiierti.et.uii- 
muateatKa; scbedtthtiv to reduce service level variance asso- 
ciated v Hi; it t ,ki 1 c ill pi \ st. l j 
ulitt t t 1 tifiloeml timet 1 v f t l 
b« provided throughout all "* 



c ilex 



o;ah- 



y bo a 



tiltip i.rtt .. 



is, interior- 
scheduling 



co [(co- 



dec tst. 
protoe 

tio.namcoreo;runvane;dion scheduling Uphak andaardowit- 
link coromimicnkins may be scheduled using one or more 
diversity attribute m order to achieve a desired level ofbatid- 
vridth throughput, eomnmmcsiioa service level variance, 
ii t v t t t a 1 i i 1 1 I 1 pi the present t 
unpredictable tuierfereace in the spceirms. 
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I 

ivn:mi.R! m t rased m mmiiM, 

f Sf\<>< (H.\II!M.KU)H)n 

OROSSdsliFSHHiNCK TO RELATED 
APPLICATIONS 

the presets jr n |\i Ik snd eom- 

moniv assmned U.S patent application Ser. iO/3()<>»"2 

■y ]| . K _ j of \\ rslcss Vt 

works." tiled ? (it md Sen hd 0 0,64 en bled 

t f thi ^it at I 1^11- 

< a m n (> (i il > 200 1 v ch sure t winch 
are Incorporated herein by reference. 

TECHNICAL i-'IEL-D 

The invention relates generally m wheel ess comimmi canon 
and mm. peffanthtrA e ifK.. m_ . km h n iw f ltd t oi, 
trolling service ievei w inability m wirelfihs cornrotmkvttion 
system using cognitive tadies and interference bused sched- 
uling. 

BACKGROUND OF THE INVENTION 

ilk use <rf wireless communication links whether for 
video, voice, or data, have become prevalent in recent years, 
particularly in fight of the widespread mfopiion of mobile 
lochia U c such as cellular telephones, iptop computers, 
fs.son, K_ - t tb ^ j f ret- in libs lis. Win 

less cmranumcatiott links are particularly desirable with 
respect to some sitnahosts. such as to avoul obstacles associ- 
ated vvkh laying cable heiweeii comtmmicaffion node:,, pro- 
vidiilg .freedom of movement, etcetera. Accord: ttgiy. wireless 
ommutiK. t 



eflll.lCM.Cltl 0 -<.ii tr 


uctiire provider,,. However, deploy - 




a toil links is it'if without difficulty. In 






access Suss teen considered quite 




m. Although multiple solutions have 




th, attempts at providing wireless 


h s db il sss f n 


mlarly widespread access, has geiier- 


aily not met with cotism 


erctal success due to inadequate txo- 


noitiieal conditions, i.e.. 


kmh cost without sufficient demand. 


In particular, the need 


lot licensed spectrum in which to 



pro ide wireless link i pica! n 1 s sis to 

lMille shl. ill 111 L^e spi L M e i i Us 

1 II n 1 s 1 1 t 11 i i L i i 1 n 

standard or application specific equipment. cit;e to each pro- 
vider developing ., iirnqtie sebii ion tailored to their particular 
situation, citeuinstarieea, and tpectmm. thereby preventing 
economies ol' scale .md compatibility. 

I >om. nd f <t mi Isitil Kccssln _e is) illy 

lee i wmei eed " ni; app : n atom md ipreai to h cone 
latod i i V t s m „ i e vest ei ihs -en tec ml 
c i u l . c< > p m he no hems n u ii ml the 

reiial ity oi the Inti ,1b- ni iliierailon ol wired broadband 
access, sneh as cut cable modem ami 1 mt if subscriber tine 
1>H s n u ,u_ s c s i i 1 ppl i uq in in 

loading, video streaming, multi-media presentations, etcet- 
c However, a large i md/or locations desh 

< t ni" ' s n i sb , m pi _ jtu as u mi a 
wired hi t-nia 5b iti i isses- id, the fore, caniiot idc 
access such applications. 

'two related wireless technologies ace beginning to gain 
acceptance in providing at least sortie keveto \ treles.bt d 
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bandaeeess these seel on the 

Jnstml it I l it ill, t i 1 hiectneni J n i s., 1 0 I ' 
802.1 1 and 802. W standanis. whico are incorporated herein 
by referen.ee. The bOe.i I standard is directed toward indoor 
s applicvstioiis and sets tortb itsynchronoas pfot<ico!s Sic short 
i ut s c >t i a i i m i while the 802.1 t 1 t vvd 
toward outdoor applications and sets forth synchronous pr«>- 

a Implciiieanattoii ot'sueh standards lljctltuites eipmpmcni cost 
reduction by providing tor eompt.i! Tulip, and ecoriomy of 
svak In s i eehtiiik'gies acioptiitg e foregoing sum 
d i 1 it il ,l have not adeqijalcly addressed the Issiies 
issoei tec! with eon ih ci I or eeonomii k-piosnufn of 

is wircic,- bn edband .,0-0, but iC.ob ,1 bw ch ,dih Lc-tt s? 
aspects sach as emimnmictiiion protocols, the sttttidardsaione 
donotpt wki i f a imt'i tt a on o f eoh'ooi 
large scale wireless broad band access. 

traditional wireless services rei> -jpoti licensed spectntnn 

;ta in which tlte use oldac spccirnra t 1 ulateel uchthat 
sources of mterlbrencc are voided, in order to provide for 
spectnia tttli/apon suitatile iorj - . i geseale;tccess 
However, dm spectrum is c qwi s and is very ddlicuii to 
obt.rin. l/ttl .,n i 1 nit tide i pros hu; an ibuudant 

25 readily available, and inexpensive alternative, present a chal- 
lenge it! that the spectrum is open to marry simultaneous uses 
and thus prone t unpredu hi uiierierenc. ending to linl 
degradation ft 1 uvea csm_ Sncb Imk degradation and 
blockages are typically not experienced nwforntly tlvrougb- 

» (rat the v, rcie-. Sinks < I s eotntiium n nc „ i 
tesnltirig it; a high degtee ofsetvtee level variance e.vpert- 
enced by users. Ihat Is. altJitaigh ttnlteensed spectrum aw 
provide an enormous amount of iransrrussion bmidwidth, 
bartdwidih variance resulting from interferenee presents a 

m significant challenge to the successful use of this spectrum 
Channel planning is a traditional approach that has been 
wed, such as by cellular network providers, to avoid aad/or 
mitigate jniotierenee issues. ■XecordmgJv. chautsel pfattiiutg 
has been considered lor use a.aih respect to multiple opera- 
te tors' use of unlicensed spectrum. Hitlerl ttntrtely. cisatsnel 
planning tat least when used alone! n, inadequate lor many 
iiniteensed ntutn i t . i! because u r '| Hi turn 
sources are preseul (i.e.. those not abiding by the channel 
planning schemei. kioreover. chaimei planning schemes typt- 

trt colly cotilradict cbiattnet agility and consequently greatly 
reduce (lutahifnv to avotd Inter terence by clntng.ing. operating 
channels. 

The typical approach to avoid itiferterer.ee within unli- 
censed spectrum is lo limit the transmission pcn>, er us defined 

Sti by FCC part 15 sections 15247 and 15240. In this "brat- 
force" apprtsach the transtnission power is limited to very low 
level, thereby reducing service coverage and buildings pen- 
etration rendering, broad band service over unlicensed spec- 
trum almost impractical. 

Othst ptiot kiipt t i si it it tc.ltwn.t ..s mini's! 
adiusrifjg data rai.cs based on It it i hp rale teedback. such 
as where a iraustniiter nionitors the rate of dropped frames 

eti Uf ts). bor a 1 

frame rate ts below certain target value, the transmu.fef may 

vt inerettse the data trite and visa versa for dropped frame rates 
that are above this value A transmitter may use a substantial 
amount of time to detcrrutne the dropped frame rate (e.g., tens 
of" frames for state . > 

subscriber stations (N) are being served, the time fin" deter- 
m mining the (hopped frame rale is increased by factor \ Its 
addition, re-transmit "timer" values implemented by many 
ARQ based protocols add io the delay between the name 
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dnspping events mul the associated reports, bonseogioirdy the 
transmitter j-euciion t;i an increase or decrease in frame drop 
rate is. 1 enn Sato K slow 1 he - n i edw ben 

1 Sl f K t 1 1 l Ik Slivl - 

may result from variable disutrice and shadowing. In opera- . 

■o such prior attempts providing adjustable 



(Safes i 



ton thai by 



crlerem 



. Slfb- 



>. lib u 



lb b 1 In, «li N r v.j lira Hiiui i Us 
egsemlv interrupted by irnerlerma simials with a substantial 
duly cycle, the transmitter )S most likely unable to track the 
frame drop rote changes, end the resulting operation will be to 
i ! ]W tit it rote to tit iuj < it ! possible 

Accordingly, a note exists m die art =ot nem and tuekh- 
i i pji il i ntji rami >t ->pcxtnim wt (bk k 1 ills 
arabor large scale wireless access. Part ion body, a need exists 
in the an for sy stems and methods which provide acceptable 
ievets of communication services to ail subscriber's in light af 
unpredictable interference associated with the use of unit- : 
ceased bauds A further need earns ; l: die art ior systems and 



utilizing spectrum prone tn interference wjthm 



rnplci 



BR If 1 S! MM \IV, Ol 111! IWIMP >N ; 

Ihc. present imeitlioii is directed to systems and methods 
which implement conitnumcatfon -scheduling \n reduce ser- 
vice level variance associated wait interference, Interference 

ubna decisions. 

According K> eiTtbodinieuts id the invention, broadband 
wireless access i'BVVlA! is provided independent of channel 
phnmlngorvery low transmission pvrweidimiis dor example, 
each coijimumcauon channel ol a coflimuiricalion network ? 

m vi i ix many portions oi'lfae service 

area. However, limited loading is pre Scrub iy implemented 
with respect to such charmels {e.g., where 3 connmmicatiott 
c haunch, are available, boding cany be less than : , of the lime 
with rospeet to each sueh chati.uel p Although it may appear a 
that the foregoing loading scheme would result in the same 
amount of spectrum utilization eifidency as a ctianoei plan- 
ning scheme wherein eueb commtmication channel is avail- 
able only so a limited portion of a sen- ice area, the forgoing 
loading approach provides ior sigmlteant trarrkuig and diver- t 
>it> pun eftkooricp relative i - the [radio, mil channel plan- 
mug. According to one embodiment, diflerenf operators may 
coordinate percentage spectrum usage ratiter than cbaunci 
usage. (Amso.juetitly the number of service pnividers in a 
given locution is not limited by the unrnberof available chum s 
nek 

Broadband wireless ew is provided, according to 
embodiments of the present invention, using wireless net- 
work tiod.es adapted to implement one or more diversity 
i't kt i tot uop fnol um ru|iavnei < 
sky. angular diversity, and mr code diversity, id facilitate Com- 
triumcaiKm opportunities tn public spectrum t re, mtkeettsed 
bands) or other interference, promo bands. Multiple channels, 
arepreierahlv used c m r tc t h i u itnm A frequency 
planning, providing extender! operation room. k'apikilbmig- s 
t tb pint! tn i t cwj I n\ mitt an t no bod 
uled according n> embodiments of the iitvenikmosiBg one or 
mora diversity attribtfte in order to achieve a desired level of 
bandwidth tiiroitghpitL communication service level unifor- 
mity (e.g.. throughput variability g mi/or eonramnieation « 
reliability tn spite of the presence of unpredictable interfer- 
ence in the spectrum. 



l.mdyodiroeius t.itih/.e svncltronj/.crl point to multipoint 
% trie s jvtw n or, >rx , sue' is a t m-cd on 
so; 1<> i ml ol u i vibt m k V tnee ukHc 
collectiv>riand.mrcorn.mn.nication . in ccording.totbe 
invention, bur example, a synchremi.'.ed PIMP system m, : y 
provide a contrtai channel which is constantly (e.g.. in fixed 
uiiK in e t ).ls bro id as! o\. i - iso It msect et Man, n (B'fS ■ 
t ill itw u o st t f tsn ml SS t Ihc Sr h -a „j 
such a control channel may he nlilu-x-d not only kagprocldtng 
sclw.'duiing miorrnatiLra to the Sbfi s. but also iu iaclitScUc real 
note iiiik condtura; iiieasmemciit tchatmci estimation! by the 
SSdd due to its deterministic iiattire. According: to preferred 
L-mhiirbiiients, SSd s transmit channel qnaliry iUeasitrernents 

i . sti n t g\ ms , g u i ' aiti h ni. I t i 
lid \hic ) a chi e tr il n tv n vik. uss . .,vs< i B'fS 

sbt ioel Ush a h i i ke I i t i sk" ts mloufed io 
m SSI b\ the MS :sma> lie indtem.ed !n -be coskrol eban- 
nsl Hi i itmra mm , h . i ikI it ,n 
j • 1 l >bh use ■ In ike BIN i,> schedule ! mtsn. , io and 
from SS I's. 

Additionally the B'fS may use tomsnii ;! n laftlte chaititei 
leedirack by a SSI m estimate the tn'OarUaneoos ttticl average 
mtci-kn ncs level is.so on vith h, SS a she fi'idSRX 
port, dins can ibytit is u be v. i t ,s^-s 

tntmamssicai to the B IS basest mi their ahdirv ■•> deliver ihear 
data tbnaigh the cbanne 

SchcduliiigufSSd to IhlStransmissum and/or [figttiioST 
(raitsrmssion according to embodiments of the invention i^ 
mat based exclusively on a channel cpaauiy estimate icved 
isetii u it . il i in lis „ !K us.nia 1 oi m io pk 
ibh n u lits i, K u i t i let 0 1 tu * sj I v 
h f ed m order to ensure that 1 n tn tak ill no 

have a reasonable probability of reception by she intended 
target, scheduling according to preferred enskodinienfs may 
not be beo-ed upon a odd having a highest channel cpuality 
esiuaate. Aeeordingfy. although a maximum possible band- 
width thnsnedmut niav am i'-e'richlm eri, o.mbodiments tddbe 



sgiaht) 



nates 



ated d 



mior 



achieve a muiminmserv icclesx-l v. a!) respect n> service levels 
pet at lbs the SSI wx si jprelen k 1. rnent 
B'fS schedules transimssloa bandwidth such thai SSB 
repotting better ehaunel guaiity estimate:; which are sched- 
uled It i nu mi i en ire to get 1 J h Iw 1' t 
Accordingly, emhodlmtaa.s til a scheduling scheme of the 
p.mstiitt irmeiitimi ■apcrates ;o .mem.pt to maximize network 
bandwidth is bile assuring minimum level of service m nil 
ssls \hb ugl raaxltni/ang h n h i lib 
mkiimtiiii service are gcnoiailh' two eottlkeiing targets, the 
techniques of preferred embodiment:, operate to find a best 

coraprsimise, 

[ he h fegomgb.es os hm i i i tl ,^ k tares mid 
i aesol (he present i si t a tit r ter tj it de 

dermkxt desenpiioti of die imemiou that lolkiw-s may be 
better u let t sib mud m in i < m i lie 
muntitu v/,11 bo described heroine Iter which farm the sub- 

icct I I il nu ol' the invention It should b ppre itcc 
that die conception and speeifie embodimetit disckiscd raav 
bereojilx uuh/eda 1 t ! tra itmu . k m t i 
shuctnres lot eis\:i.« out lire mm puiposes >l the present 
invention It should alst be teio .1 that suth equivalent 
constirucliotis do not depart irom the invetsiion as set ■•nth in 
titetgipendtsd claims. Theitove! features which ate believed to 
he characteristic of the invention, bath as io its organi .ration 
attd method oi t>ps t 

I mo vtl be ck utdvj tsiod fram h )lf . 

escri nle un.ecti hth« ,u.mi 
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] it It i >< >e exprml ut fersfe J I < wevei 
that each of th ( v 1 purpose >:f 1 ? j -> 

nation and description only add is no; amended as a deftniiioii 
of the hrrttis ot the preserit invention. 

BRIEF DESCRIPTION OP TKB DRAWINGS 

For a more compete understanding of (he present inveo- 

FIG. S shcivs a graph representing interference problems 
i »ni -\ ill the re 1 p ihl K n :d t k sput, mi, 

FIG. 2A shows a service k-vt-l ernes service level prob- 
ability curve representing interference problems associated 
with the use of publicly available spectrum; 

FIG. 2B shows a service level verses service level prob- 
ability carve hiving reduced service level vnrinbihty as may 
be hieved throtj e (ion of embodiments ot the 

present invention: 

PIG. 3 shows a rime division duplex hf|>D Grame structure 
useful according, in erobodiuienis of the present invention; 

1 fu 4 s le ii td tptcd ^tr hne 

FIG. 5 shows 3 possible deployment of set ot radio units of 
hie coirnsiitnicinioo system of FKi, -J, 

PIG. 6 shows detai! with respect to an embodiment old he 
radio units of PIG. 4: 

FKi, 7 shows with respect at art embodiment of the 
subscriber stations of FKi. 4; 

Vtii.X shows a data rate matrix representative <>( variable 
data rates provided by an entbodin;e.t'tt of the present utven- 

FKi. 9 shows probability matrix topresentauve ol service 
probabilities; provided according to ait embodiment of the 
present invention: and 

the effect of ehansiins selection weighting coeffkrienis both hi 
scheduled and nmdiedui dre mnmtneattoii s> to s 

DBTAH..BD DESCRIPTION OF THE INVENTION 

ffnlicensed spectrum presets ts a vast resource which may 
be ntih/od for broadband wifeless access (iJvY.Vt. I low-ever, 
doe so the inability to eoala): interio.tencc in such publicly 
available spectrum it is difficult to guarantee quality <>; ser- 
vice I sc beats e per no, til h its, at the 
, < t - «y, j, } u a ,A ej- ' f t t t vers 
face.. ,m,.imt .ocreac h.» dv id ,uli as on the order of ! 
v ivet ge pet sa t r it ortnai rti m lea i re t 
t us \1 h , th. > r i i tv t k an 
catly he achieved is large, the variance of the quality of 
service from subscriber u subscriber I n n - Ju m time 
t,\i Lifted t li I tt 1 111 t s I i s u 1 

the publiciy available spectrum presents a significant barrier 
to its use. Acconiingly, there is a significant probability ihtif 
service may tie! he delivered as expected in a system which 
utilizes public spectrati) fir broadband wireless access. 

FIG. I graphically represents intet fereuce problems asso- 
ciated vi spet mtm Fheaxes ol 
the graph in PIG. 1 represent time (bo nzontal)a»«i frequency 
(vertical) and cluster points .1 01 represent interference, braes 
t02rcpresent\eo n-p is->ihi< -> v ■,. flucjuenev re> t timolol 
c hi it,. v t s e a in a tt t s Vi 1 [iclt a _ t i r iu\ 
att omit tc " etenc. eact of 
lines 102 expei t 1 s^ ^ ) 
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plnralHy of chister points MH ■ s : nbeis. b . 

t Jul dm ill is oo the order of 1 'sometimes 
referred to as oik-ihuC tvttl .bttitt UvitOiiph the 
interference ilbtstraicd in PIG. 1 may represent blockage or 
service levels faih tig below a niitiinrttni acceptable threshold 
on the order of 5- 10% of the mm Aliktitg.lt perhaps initkiJly 

f \i 1 caa result m tbs sbt-K service becoming questionable 
because the service level demanded by subscribers cannot be 
ereoionaiv ami tcn.aav aai. 

IK 2 t till r ill l 1 1 ll 1 1 t \pee ,1 le 

dbl u pre mm jl t l!i< i 1 i f\ c c I x< . ! i 
ut it r j j iity if t i 1 en/lee (horrf.Oi 
ta! axis.! provided In a cmiiraitnivafiori to/from a subscriber, 
i.e.. a probability deasiiv fanetaai ed se;\dee. As shown itt 
FIG. 1 • a relatively hav.h mean level of service may be 
achieved, suggest ing that a large number of subscribers will 
pst si t ,s P < 1 h Jt k lil n -kUk Ik 
time. However. FIFi. 2A also shows anapprecktble tuiiisber of 
subscribers will expeneiice a level id service billing below aa 
outage boaiKbtty some of die time. That is, the probability 
density turtatott of PIG 2A provides a large s'itriauee in 
service levels experienced by stibseribers. 

Indevelopt! ienibodi I (tin entiofi itwas 

reah/ed thai the problem wilt Use of publicly ioasiiable spee- 
triUTJ tit providing broadband wirsdess access does not lie 
exelmaveiy at the alnlny a> provide a high average level of 
service, but includes ittiulnilziag ser.aee level variance, 
ddtl tpye.ia ; a> isiaii m et.ige eve] of Sm'ICC IS 

II IV i pvt. i h ill tl\ s ,s sk 1 
embodiments of the present irrventivu balaiux providifig a 
high average level of service with ensuring that ai! subscribers 
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a sendee level below that of the outage boundary, thereby 
resuhina in t system a inch meets ti , aibrenieiitioned 
e vi - t ur nine- Ime ! -.1 lee u ( 1 
iijgiy, ernlxaiirncnts ot the present invention provide bfoad- 
v< ! ttid a t Its t pr hi n th mi i i es ith t . , 

Speclftiin .related iittertereiree elTeets and increases system 

lit implementing systems and mefl'uxls !o pnn-ide broad- 
band wireless access' having rcshteed setmce level variance 
re according to emboditnents of the present tnventiofi while 
ut tint t i n ; in eeep 1 i . ervicc level a tet 

terence rimgatron tee 

described in the tibove referenced p;;;ent applicatlots entitled 
"System andMethod for interfen cr vl i alorWimless 
s F'otrittnifiicatioi ru; be entpti dh tute.riei 

ettce mitigation teehatpaes ratiy be employed to provide a 
high a\ernge sen tee level which, (hen may he margn ,,g 
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lowered throuuh tise of scheduling techniques of the present 
waMU) in . m to p i i 1 d icd service L,e variance 
iboduncms v tkeaileommoni- 
cation channels, or is plurality of cotmrnmieation channel*, 
available in any service area. and implement limited loading s 
Icsl-Mcgc. Miet Hit! e :<Jt channel I- used on]) a rnUMU'ii 
the time. This approach provides for significant trunkitig effi- 
ciency and diversity gain relative to traditional channel plan- 
ning techniques where each base transceiver station (TITS') 
uses a different channel fmrn its neighbors, drimking, eift- m 
eiencv js )aereased accordion to embodiments bv the tact that 
til channels are available everywhere u 1 different base it 
tiot or sectors < - t - mid bt ipf reci 

ated that when one base station or sector needs more band- 
"ittln t l til ,1- , tn i 1U t i ,o. ;.s 

It the C 1 v. 1 111 i i i 1 i a ! u 1 ik 1 1>I t It Mil I 
achieved according to embodiments since each aiibserilxir 
station eon select a best eliniinei titty tune unconditional o.f 
what ether subscriber stations ana doing (in 3 conventional 
approach a sector channel may need to be changed toaccom- 
ui < i!l a sm„L 'i gump , I subscriber stations!. 

Viddutis ilh embodiments t i L present n i -i tsi» utilize 
various system resources jxsn mkrig sources of diversity, such 
a , Irate diversitw space diversity, md i iivqiteticv itxoit' 
tn provide deuces of freedom with respect to supporting :.s 
d. ede , tn im t ul nx h,et K t il t 1 c t. is 

tVmm.plcmmn muhmic ham oUdic Inline !kir example, a 

first font! of scheduling operate-; n> coordinate transmissions 
within the system ( snch as show n and dost tabed tn the above ;0 
reteteneed patent application entitled "System and Method 
for interfereiueNnng.it u i bn V, ., c • , u .mention"). 
This form ot -scheduling may be mili/eel to provide a 'high 
average love! of service by taking advantage id alternative 
rcsoitrccs (diversity gain), such as through intelligent assign- >-< 
mem ofeban eh, anient* v 1 t ie I 1 i mnmnieation 
< ie:s ei cetera, A con rtn h 1< 1 a - . fx h t-ed 
upon interference, such as using rem tunc scheduling and/or 
scheduling hosed on longietrn statistics The effectiveness of 
this second form of scheduling according to some embodi- an 
meat nay be pendent upoi fi cti ieeution of the 
above mentioned first form of scheduling, (-or example, the 
abihty of operation of the first fonts of scheduling to easily 
mi itc h.-,er rsrotiot c action to a innell king 
better link quality 'e.g.- carrier to inieitetence ((.VI;) eeiifioiit xt 
b sui ith i mi i ,r 1 >u ik tlx su. tin i lie- 
oiks to o opei tii< i, ol the second form of si is • lislmj I ibe 
wise, effective exeention c-f the first lonri of scheduling may 
enhance the ability of the second form of scheduling to sort 
"strong" connections to high interference condition:, -e.g., .0.- 
lime and frequency) while migrating "weak" conaeeijons Us 
low interference hi! blexibdny its assigning subscriber 
s t i t in icul i li i i ill in t ru 1 

scheduling may be utilized to realize increased tranktng elb- 
cietiey nt operaiioti ■Hihe seciinci form of scheduling Accord- << 
i > it should be f pi e i ib adding resource flexibility 
and scheduling the resources pmperiy aecorditig to crttboih - 
uxel In i, . i n a c i tin . k n i is i ti 
atilee a miniminn serci.ee level. Hint is, service level variance 
caa be sienifscatttSv reduced, tltecehv niimtttjzittg outage «o 
probability. 

To ehieientiy exploit, these ressiurees., entboditiretsts of the 
invention use a syuchromzed point to multipoint (P'tMP) 
wireless network protocol, such as that set forth in the Iblds 
802. }<» tandiii ^ ti 1 viP wireless network 65 

protocol utilized aecorditig to an ctnbodiitietrt of the present 

, , ■ T. , a j ciea 
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in iboed tune intervals in a time division multiple .access 
(TDUA iystijni) broadcas to ! subscriber station ninals 
(SS'l). H» contro - it system in&tnimtttm. 

such as an uplink map. a downlink map. etcetera. An example 
of;! nine division duplex (TDD) frame structure, such as may 
be implemented m a if DM A systetn. which includes a control 
channel it, shown in HO. 3. 

The'lDD frame illustrated in VK>. 3 tttcorporates a tkvwa- 
link sub-Game and an uplink sub-lranie. The control elsaattei 
of the llusumo ,uib.. .uk.it is part of the downlink sub- 
frame, the rest oidtie downlink sub-tnuxe amy be used for 
data being transmitted front a base station to subscriber sta- 
in 1 < s > uupte e 1 

i specific subscriber statical 1 h nptinx i b k i . i>\\\ he 
its^i toe.utx dp i tt iol a.hi.tiou to tlx 1 c - u. ) 
In addition, some slots can be allocated tor content km tratlie 
from subscriber stations to the base station (e.g.. bandwidth 
requests etc.). 

It should be a pp rem a ted thai implementations other titan 
time division, snob, as code division and'or frequency divi- 
sum, may be tihlized in provulutg control ehatmeis stiitable 
for use according to embodirnenSs of the present invention. 
Mo woven an important aspect of a control channel utilized 
.is. oi iii 1. m! dim, i ; - -{ die tmcutso.i n thai tlu , .mil >! 
channel have a deterministic nature, such that subscriber sta- 
tions can expect the control channel message to predict ably 
be present si 

Deterministic characteristics ol a preferred esnhorhuierit 
ecastrol channel makes the control channel nseini sts eistitxici 
est.un.il.ioti at the subscriber stations, in addition to providing 
a reliable scheduling and information transport, tool, bur 
example, the subscriber stations of a wireless network may 
each monitor the control channel, using time predictable/ 
xtuit i i Us messages nssooiited themwith to monitor 
downlink metrics and thereby niakc ciiattnei quality esti- 
mates. Channel qsta.hby estimations may be based upon a 
percentage of reception of the control channel according to 
mie enmodiinent . borexantpie. receptjot! o:l apenoiiic eotttml 
channel 5 times out of 10 by a subscriber station may be 
utihzeo to Indicate a level of iutctiereace on the downlink of 
about f:()%. 'lids interference informal ion may therefore be 
translated into a channel quality metric tdQM i Additional or 
alternative metrics, as discussed below, ratty be used accord- 
ing to embodiments uf the invention. 

It may be preferred that all subscriber statu. its transmit 
h uml eg tbo s tn ! i sb iix! eesibjch to a corre- 
spoiiding base station all the time. However, this may con- 
sume excessive channel bandwidth when many subscriber 
sttitioits are present. 'foavoid iiie unnecessary coaisuttiption of 
uplink channel h mdwidth ex bums m n be pr< >. tied uxhth n 
selective subseribef ssanotts send ehatmei teecibtick tit any 
partiettl.ir tune according to embodiments oi the invention. 
For example, , hen data is i ! i , it a B I S for any p u Um- 
bo SSI. a leedbaek I tn It may be allocated to the SS'f tor 
cut tun u . ttioi of sb uie kick be tore traiisnnssiott of 
the aioremenrioiied date, hi such a exintiguratioix SS'i.'s that 
are currently being served may constantly send channel quai- 
iiv mlormatioo to the ITtS. kdditiouallv or ahernaiivofv. 
other feedback data slot assignment schemes may be imple- 
mented, such as It) provide a feedback data slot ha' every SSI 
gn , ill b-eiin|u Imi i to i , ' [ kniu ,t e'l 
tively short time -slot- fbrce.mmomcation. such as on the order 
of 2 milliseconds, subscriber station leedbaek may be getter- 
ttkxl approxirnai.e'b, overs 2!) milliseconds to laciliiate effi- 
cient t t isn I ng tn b th he sat! tt t 
uplink, she foregoing channel Iced back may be transtmtted 
by a snbscriber et t >n on one or j , ^ selected channels, m 
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example, the channel food bock may be transmitted ustiig a ti 
uplink control channel Additional fy or atieraatively, fee 
channel feed back message may be tmrtsrtntied us-irjc. <s com- 

1 lis >. Glsintu : it r J lit- fj 1 l ii 

to provide ii'toiauuuKXHih interfe-rence fn formation with . 
respect to a pari.ieiitar eha.iafio; expected to bo assigned to the 

i , 1 <k i u u, > m .ed v the 
base s! it« :i t< sehei ok trtmsntis it u ft iho silt scribes st i- 
««»«. For example, according io embodiments of the tnvero 
ikm a bass in tiro c the ehaune feed it ignai 
i h U -.v 1 i tato tht instant i 

DO! Nil >Ll o k t.i t I I 11 11 

0 < st ■><< 1 a. t« a K t v | t I bi in m 
t-meous interference uifomiiihw; may bo used by the base 
station n -. ud !m -h ri s l ji i t ) mi mi ii- s > tiK 
huse nation b;!N«} -.in the Mib*t-ritvr Nation's ability to deliver 
tlx i i' in c N"- 1 - l i a ti i\s t v tut' 
aiid.-Whig.hL>!- 1"X power may be sehoditled when the interfer- 
ence is high and vas stst \cc g cdulmg sub 
sorsber station trnissmissmns using the lin-egoing channel 
feedback may reduce service level variance atid/«r winch 
ensure relaa bi ■ ivy o g the uplittk. 

t I e < a ii ml feedback is may addttkmnlty or 
alternatively he used io schedule iraiismission to tile base 
slat ott ir< i cttOfiiitiji 
to i + iiiuo of the ut ottt >u i t ot li i o use the 
GQ.Vl loforrotiiu.-.ij pro-, tiled m the channel feedback signal 
it <n ttu todi ubscribcf t msn if ermine, nipt k t 

1 i forth v It t mi! ml i l < is are k rt isunt per- 
haps mcjn-.bup particulars vwih respect to subscriber station 
tr,i.ns.nii.ssiotis-. such as may include assigned time slots, data 
rates (e.g. . inodalatiot: rates) to use., channels to use. antenna 
beams to use, etcetera According: to embodiments of the 
invention, in order to reduce service qualify variance, sub- 
seribor stations- thai have better titik budget or otherwise imli- 
c ' et in l in t o 1 d t I t k ti ti 
and bar s tinorh-ietiee : lug's to facilitate, increased band- 
width i 1 h t v lot other v t,i stations. 

Moreover, a base 'nation operable according to eiubodi- 

ditions. such as deieontned through reeeipi of -be foregoing 
channel feedback, over the control channel to facilitate aiiel- 
iigent eontred ot' the subscriber siatioro. for example, such 
control channel broadcasts may be utilized to direct sub- 
-t !U :r Mat ion- M l bang a Jan. act- n Jam ;o aai euua he n li- 
ter antenna boom atu-ibiin.o, i io an. tease critu.al irnttsmissinn 
repc n us peg M O t t ci t li ion cetera) to 
reduce traxtstmssioij datarate, and/or the like to farther reduce 
service level variance and/or ensure retntbtbiy oldtie upftnk. 

Base stations, operable according to embodiments of the 
invention tnay schedule mmsmi.ision bandwidth to provide 
higher bandwidth to subscriber stations reporting better 
COM Por example, data rate adjustment using fixed, predict - 
able feedback according to , ^ Ii at' of the invention 
may bo nil io pmvkk improved bandwidth ,ui !t > it 
ncnl ti v i i at n s t the 



such that the data rate can be eoutirinoysiy and quickly t 
l.gustc.t t-i teeetvnie coiidtti m-. its! lk . iid {■%. appteciaie.iihat 
live foregoiiig lechiiiqnco wherein appropriate data rates may 
be selected pricsr t(> dat i o i f -a i ■ lf tottt<.ii\ dih 

ferem than traditiotiai iwhniques -aieh is Loimmiiwsal 
closed loop nietiiods ie.g., where <fosa packet toss, reports are >. 
Hired to detc.ri t l Utcdaie 

«ie). 
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Sii o 



odm 



fetal 



s w ith ftigtter pevve 
rtcatatiirfemiccvvi 
fithardativtilyUifi; 
itheoivte-ofhaadr 



ottds. faoilitaliag ttiL- toe of ttte alfireniL-iitaated ratjusushie 
data rates. For example, adjustb 1 at ia com- 

bination vsiih altocatiou of slots or ehunuei access, cam be 
Ui irtiJ'.^j for baudvsidib alio.atiou. Of cuii^e. saiuxis addi- 
tional eraiternenve Kineivridih attttcation seehrtisptes, snch as 
cxUr .rate cftatige, addiug.. ciiatmcls, etcetera, may be imple- 
mented according io einbotlinionis of the meeiifiou. 

it I t. II v g M,,tm. ihniia t ..am tic ill]) e to J 
nicgios provide tor N-bmach diversity, wh-.-reN is the number 
of subscribers io be served at a timcdiiie tetpome ctive^jly is 
partiettiarty useful in providing scheduling eotntnnnicattotts 
to provide an acceptably high mean ttt t Lpu» whik red»c- 
ing variance ot tile -service according tit tht-presons irivesition. 
Np-o tl i ill t in i nu i a e condit ions arc In i 

or eoriiieeuoti relahtd, stich thai difiere.ii location:, are 
espci ed u u v ' it ere it a ret ed into fc ot 
Accordingly, at each iristatn in time these will go a subscriber 
,. station of a group ot' subscriber stations that is experiencing 
the best earner to interference (Cd) conditions and conse- 
quently can itipletneiti h higjiest tiaia tte as in tig hi 
pomp of subscriber stations. By ideiitih-itis the subscriber 
Uttiianwti.h the best ( ieondttion ,o da: tan , •■ it a I 



. svhile 



.Lrthei 



ditions fhti t.l i it v. 

ingly. where there are X subscriber stations to serve, the 
situation is very similar So N branch diversity. By idemi lying 

. ti subscriber station with sufficient (7! conditions to accom- 
modate desired communications and serving tins subscriber 
station, perinrp* white postponing coraranaieatinns with sub- 
scriber stal tons with the best (71 eotsitiiotis until sstej-ttime as 
th k J tm t ul ribs titt (.".-'] i ioti.sdo.nfii 
accommodate desired communications, avsfem service icvel 

' variance atay beitiiiutrazed. Accordingly, a imnitnum tevei of 

Having broadly described concepts of the rrcseuf isivets- 
tioxu ix'leretice is now made to PIGS. 4-6 whereht art exeru- 
,; platy sy-sioru com tigu ration adapted to provide s-peralion 
tieeordttig to mf f tn i t tit ten t.ns-eijtson is sfiown. 
As shown in FIG. 4. uttnmumcation system 400 comprises 
base station 410 and a plurality of subscriber stations 420. 
According to embodtmeats of ttie ui vent ion, i-.ase statior: 4(0 



nd-o 



•-0:-> Stat 414 .t: 



irdt/ed techno- 



-nake a 



of a 



is tin a: 



rtdSM 16 protoeots. A 

a lite I i..mo in if 
-wtse coupled to techno 
serabie as described ho 
thhsttapiwralityofsub 

m -diiio n- 0 at; 



of the present invent ten may ttteiutie a plurality of base sta- 
tions. Moron ei subscriber stations oforuhodtmcnis of the 
present invention may G in eon nu me itu.ot wig j j > t | 
of base stations h- - 1 1< u 

cqmpmem inaddititm to or in the alterutttive to that illustrated 
nitty itttht'ea communication system adapted aecordmgto tite 
present invc-fit.icnt. -if desisvd 
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leek C!s:K 



J J 



inerai architee- 
*ta the present 

tiventiort. Base (ah -t 1 I I 

i il 1 "-' - >n i. il i 4U ii i 45 2 1 1 i ail in ei t ice 4 1 * 
and radio WH4H Controller 41 J may covin-,;! switch 412, . 

haul tntertat 413 wJ/or one or more of ssdio uniis 4 J 4 
lo provide operation as describee! beatin. 

Preferably, baw station 410 is deployed wh 'ha; antenna 



ad : 



enber 



antenna penned at bast 
■ t >ihi\ to then issociaied > . riuect; it Foi exmrupk 
4 ! t ti 
a roof or a nmrri,; provide wi;ak's> com!imnioaitnris withm 
a portion oi'a meumpobtari area, bbb. 5 ilh.tsirnie.-i a possible 
deployment ot a set of radio anils wherein the radio units may 
provide -various di tferent beam widths, dire-ebons, niubot tte- 
qtienev channel ic e:., mat of a selected set : sued that a service 
area is seiee-iively covered. According to embodiments ot the 
invention, some portions ot a service area may be covered : 
with multiple beams ('e.g., areas whore at ieasi a portion of 
antenna beams 5 1 4 overlap.!, sac;) as ana. implement different 
i nn e t i i a til i in [v t ad d 1 in 1 
interference ktmiimisy. Spaoely u, d portions of a ser- 

s ss lis If p k 1 ]\ I i ( I 1 trUil is : 

e g ilhuumatedby 1 antenna beam oi a bast station accord- 
ing to embodiments of the im etitiort A "starter" bast: station 
may include only lev. radio units, ;d hm> n ig for the addition ot 
more radio units as need arises. Accordingly, it should be 
appreciated that (he number and a: lostiftoi) of radio unils is 1 
flexible to facilitate variable coverage, 'oatidseieiift and mreo 
fereace immunity according to embodiments of Use inven- 
tion. 

FKt. 6 provides dctaii wCb. respect to a preferred embodi- 
ment implementation id' radio nubs 414. According ie one > 
embodiment, the radio unit circuitry of i deb 6 is encapsulated 
within an. antenna array bousing, e.g., ;m "out-door emit" 
Mtntplems wdtopre- 
vide diderent antenna beam patterns us desired, for example, 
antenna ma ay b0! may provide ante una beams of 1 (by W and =i 
90 - azimuth beam width, perhaps hav;ng appro Kimatefy J 5" 
elevation bean: height . I he embodiment illustrated in FIG, 6 
provides optional amplifier assembly tdkk such as may be 
used to boos: transmission power as desired aiidnir improve 
receiving noise .bgnre 1-'} 1Y/M AC-Sd Id ; ;im; <jOJ of the dins- t 
trated embo lanent iiieorp orates an orthogonal trocp enev 
division multiplex (OFDM) modnJaturdernodttl.stoi inw 
correction and basic transmit/receive access mechanism. 
Mice in ai conn ftv- re n impleru n ed cat the 
CPU of PIIY/MAC/CFEJ unit 683.' 5 

Il is expected that antenna array;, 601 ol base station 420 
mas be deployed m 1 ig.b loc piotts a pio, ide illttumtiati m of 
ivl U ul 111' i > p e tik Mso si isle s,l J t 
luige mi u 1 n momu ire bf bregma ft Hen 
mis oriented at the base station can provide .for statistical s 
kO mi ip' k» me .ul'swibm si, mo-, Uv b > m the 'tliule-m 

mx ob i i i t ti a , i ■ (dilations) 

Radio units 414 dt other functional blocks 



: Stat 



a; 4 10, s 



F.412 



a 411. 



via ^viiebite links such as slaiidardeategtn-e 5 g fA ( S i cables, 
u n it ,u t<i>? Buss i t i4J<i(U i 4. f tic din 
irated embodiment at aides backhaul it information via 
1 nee 4.13, sue! s may provide high feaad- 

width conitrmnieation (e.g., using liber optic. 11, T3. andrem 
similar links). 

1 C2 > t re 
mm 414 1 . 1 nits 414 I t et-411 
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4M 

example, transnnssioa td'eotiiro: ehannei lafomianon, by cotn 

!er 41 i t t 1 i < 

414 for b rev k st, Likea reeeeti s 1 tck ebaimel 
tlifortTlaltoii Irom sttbsej-iber stations 420 may be diret ted to 
eo.atrol3er411 t-o v\nd 4ii! i re miuui mm I 
b\ uKlbefSs m tr. t li ' hati itrtt tata 411 



tits 414 u 
r 411 of 



odes 



a.ilb f 



b 412 

i prot 



set pro > 



s Ul 

attatysas of communications information (e.g., data queues, 
hi-Uoru f h at in il t iti \, i a t < \< s:t.> last u, it- f , a u 
t tn ) [ ttciilar sttbscribet tatioas. ehai net 4' nu 
ries, etcetera; to determine winch subscriber staiions to 
ir»tmci. such as via a control ckmnet cottmiimicatio». to 
provide si channel i feedback, signal. Additionally, eontrolier 
411 of a preferred enibodimem utibaes subscriber station 
leedback signals m scheduling aphnk and downlink eontista- 
uk itt i 1 sob d jj Lt a w n t pu 1 t re o l 

low sen. tee quality variation, provide a highly reliable uplink 
and/or downlink, andrer to raovide deseed ilmougiipa: with 
ts j 1 1 tl s 1 t 1 il 1 1 k. According to preferred 



,a-45f e 



i spa. 



r Wirel 



sNetv 



lulttig 
a and 
tut it led 

ss"tmd 

s rei 1 a 1 \k I '1 bitetk uks lit r 1 k 
Coiiimimtcaliou.mep.riYi, lea hams for high throtigltpnioom- 
municafforis. Asklinonaily, eaaUioiler 41 1 may provide cott- 
troi of subscriber station association, security, etcetera, 
taribodimeaisot'eoairoberdl 1 may provide tor irutiaha.ttii.ai 
of radio units 414. ptiraitieter setting, and/or other railiali/a- 
tioii or operatitaial cotitrols. 

According lo embodiments of the invention, radio units 
414 provide broad Sat mi vreeless access to a plnrabty o!"sob- 
scribei t,ai a- 4.2(1 s mil1u an is pj to Is us >i\ s 
implemented with respect t<> the wireless , | > between base 

iii) 1 r ' 12'* 1 

juiht its nmniL it 1 u 1 bs ubu„ s ' u_ s a Knit 
meats oidhe invention. For example wireless links between 
base station 410 attd subscriber statioiis 420 rimy implement 
ecmiuiitnieatiotts according ;o the SFFE b02.JP specifica- 
tions. 

Nat Hcriber st 1 m 42u m t\ U on itot.he litii t tfti s s 
lomm pn t is s m i i , sit 1 .m am i 1 s mi 'hai 
tmijtirae subscriber stations m access the network. Snbsenber 
siaatieatis 420 otdlie ilhistiaueti euibe.d.iuieri.t comprise customer 
premise:, etpiipmen! if. Ida) which are deployed in a service 

area aroutid base station 410 where snfiicsem link budget- 
exists, Subseriher,aatmtis42Uof a preterrcdeuibodmientcau 
serve subscriber terminals 410 (e.g.. personal computers 
(p( k). personal digital assistants- {PDAs !, celtttia.r telepliones. 
) t ci tt ctet t tin t J Ci.il sstrere nun 
ti ms t n i \ i s itmi s betw-een C o t t it 420 and 
subscriber terminals 4?tt may he providetl tismig --.iilferent 
proioeois than those between sabsenbersuitanis 420 and base 
statical 410 t or example, wireless links inav be nrovtded 

420 , 
according to die 1U } CC 11 spechieatioiis tWihi while 
wireless liaks between sttbscnljer stations 420 and base sta- 
tion 4.1 » may be provided using the WEB 802. lit spectfiea- 

.Ascvi hi ■ e t ii -ii 1 b s . n 4 pn ms.es 

st general aminua.mre > ,o< >ii subscribes stations , ! 
iccordtng tod i i i tersta J2t t 
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the illustrated embodimcni eoumrises radio as.-5or.iblv 421 
and controller 422 Controller 422 may control one or more 
i 1 1 s < , ii b mH\42f ( um>i]k-r422 

of an embodiment provides a process of having memory 
asi-ocmied therewith, li»r storing an instruction sot providing 
operation as described fiwiu. 

Directing attention to PIG. 7 further detail with respect to 
an embodiment of subscriber station 420 mUwuwd accord- 
ing to an emfeodiraens of die invention is shown. S» the 
embodiment of bSG. 7. radio jssatiblv 42 ? comprises a plu- 
rality of radio anils 714 m coutrauuicattoi) via switch 712. 

die amis 714 i i j s ort to c! isth idcss 1 < d 
above with respect as radio units 414 and a,, shown in FIG. 6. 
Uovvevcr todio units 714 of a pretested embodiment radio 
assembly 42 ! are configured !o provide operation .according 
to different protocols. For example. Fl lY/MAt -/(..'Pi ; f»0.t 0 !G 
test radio «nit 714 of a radio »<**mblv 421 which provides a 



: 4 5 U t 



r prov 



.cist 



s lb! 



603 of a second rodo.- ami 714 of the radio assembly which 
prnvid.es a wireless bub in subscriber terminal's 430 may 
provide operation according lo a second protocol (perhaps 
meiadinedifierem paiSicularehuuiicho Additional h'oniRvr- 
mmvcly. anieima airavs 601 of each such radio unit 714 may 

oaupk. ail mtmit: ; noi (bit which provides',! v! io.io- link 
U s. 11 1 u 4 1 U i l hi h ..t ! d OkllOf 

beams, whereas ao antenna nnay 601 which provides a ware- 
less ijnk lo subsc other terrmnab 4.t0 may provide broad, even 
imirbwfireclkmal, atUoama beams. 

Switch 712 preferably wbilrates comramri«t!km.s between 
radio units 714 and between radio units 7)4 and controller 
422 1 n) s [ 1c tt itsn it Gt n is qi ihK tccdl u h 
information by controller 422 may be directed to appropriate 
ones of radio nous 714 for communion! ton so base station 
410 1 ik. wise , pit t > G it Gl i at ui tin itii » from 
base station 410 mav be directed to controller 422 by switch 
412 (domrjiorileafmn ot information he and between any <>t 
controller 422 and todio raids 714 may be controlled by 
swjich 71.2. 

If should be appreciated that the ioregohig systems provide 
a number of degrees of freedom with respect to scheduling 

c in. e t res ; k vlu se i n aioredet.nl in 

the above reterencod patent application earthed "System and 
Method for Interierettco Mittigt <. s i< \\ iuom oi imuui 
i run a hi. si n as described above may Use i n t pie 
receivers operating on a same channel with amerutas sepa- 
rated and even diifereittfy oriented to provide lor interference 
div ( to y. A t ^i itt . n i 1 ,eri ed \ \^ 

may tt < > t 1 I a tied t >cnl tnec k si 

back robustness. 

Increasing die nun-lv: e: d.tki s,( vio ennuir a pot 



ies for both channel divers.it 
ample, RF beads, such as tfro 
pioved at spatially different it 



:s 414. c 



laldi 



ami Method for ] 



be utih/ed to 
igmriems to 



application entitled "Sys 
OHoi™ for Wirokss C oi mum 
optimize ehatme! and/or anient 

aeiueee the best performance, such as by continuously mea- 
suring subscriber stations receiv igtli indieatot 

i t nation !». duetnun 

scriber stations cat) be sirtmUaiieonsly served 
channel 



tabic degrees ot freedom in schcdul- 



a nice 



i to 



station. Si should be appreciated dial uplink data transmission 

sslle it U)C UO\ l I 1 e V t e t t 

be resrricled te> eoiianmneaucms associated with a siiiafc inssc 
station. For example, where subscriber nation ttsinsmissiotis 
in recetvod I h hipk Is t. \ > 
rsj.d and interference reception conditions varying from 
atitentiii beam, to atiteatra beam, and base station to base sta- 
tion), base station controller 411 of an eaihodinre-it performs 
frame selection eenrraity wild respect, to a plurality of base 

tutliniiii. 1 40(1 lay ope at s, dm ones it 

. subscriber stations 420 that bare high probability of being 
se ixcsi i < e i ui which have thigh pro I 
of a transmitted signal being received ewer Uitertereuee lev- 
els) generate continuous feedback related to channel condi- 
tions otiieifctenee, signal strength i to base station 410. Show ■ 
. £ver, this .feedback may consume substantia! uplink 
bandwidth, particularly where the number of subscriber sta- 
tions thai G.ee '-high probability oi being served" is Grge. do 
ivoid excessive- listen) mdw idth loss accord _ | 1 
emtnxhmems of the ineetteon. enniroller 411 of base station 
410 mav generate a downhill: map to identify a particular 
' subset of subscriber stations of those has nag a inch probabG 
ay of beinc. served fir transmitting feedback- for example, 
controller 411 mav look g, rransnm queues available to base 
sum, m4K! u, determine those subscriber statmsts currently its 

. mOSt U 1 t CO III U s it i - ee < Hie ill il.iit 

with respect its a iast transmission to or reception from sub- 
scriber stations stored at base station 4 Sit to determine those 
subscriber stations which may require oarnmumcatiou ser- 
vices, and/or the like to determine subscriber sua ions in need 
i services, ill should be appreciated that the 
bset of subscriber stations need not be litmleti to 
likely in tieed of cormmnueanon services, if 
»iample>Sucbasabse:ot subscriber stations riiay 
■e or more subscriber stations included for 



edicaiiy 



} the lis: 



cape, 



a 4 ft) it 



oils, 



stations- e.c.. broadcast a list oGu 
r.d charm.el?. ddiese s-ibscriber st: 
Gicti.e aetou ijiivmctisnremeiit in 
i uplmk feedback sisnah Apntop.; 
die ieodbuek ntl i such in 



v pro. 



a a, 



odar 



agpi 



anted : 



,-ordk: 
rklefitifiedsiibscri 



s to tnvlerr 



Mfepa. 

able to pros id.c the aforerncnteined channel qaaiay rneasure- 
t mcnt mi t i n t 1 i Site cu 

continuous fnoftitorine. of the downlink, forexitniple. accord- 
ing i f in i 1 c st t > i 420 i n m 1 1 tr 
imuotts (it being undersiood that eorituuryus ;ts used herein 
tnclodes a repeated periodic signal, such as associated wit ft a 
* time dieision protocol} ccmtrol tiianncJ to monitor link con- 
ditions it) real time, even when tbe snbscriber station is not 
trausmiiting or receisang pevioad data. 
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cdulmgripbuik und/ordowtthttk o 



Fo 



ample. 



U 4 HI n 



• subscriber station* 42 f) u> estimate the 
instantaneous htterfercricc iex-vl associated with an uplink 
cix: > iol beta li.- lilt- subscriber tmten ii the Ki l' station 
Additionally, the obnuito; quality .niesim.remeiil Uitbrswsitioit 
< i c 1 t ci , i, m i 1 i t. I b b h 

station 410 to determine an iroerference level associated with 
i dnwahuk i > m i o n i h \ station in n > imu 



Scbesjuhrig of subscriber suitum to base - 
sjon author base station in subscriber suuion Irimsaiisrion 
i n ii 1 l <. n i hi t u - bail nuonisni fsede efu- 
srvefy on a charmeS quality estimate level i"or example, 
uhhoiigli at leas! some minimal level of channel quality may 
be desired m order to engirt' that scheduled comumiueuhons 
have n rcas< be tie iiioa by t|j< mended 

tasgei sehe I g ;k pu i 1 Ii i ti i uta 

not be based upon a subscriber station having y highest chan- 
nel quality estimate associated iherewiih. Accordingly. 

1 iham.ixu a » sihleb; Iwi thil r , J >ui>«3\ m t 
be achieved, embodiments of the invent km provide scbedul- 
uig priority to subscriber. -nnitons having ioaer channel qual- 
ity estimates associated therewith, in order to achieve wtifor- 
ntity with .respect 



< i iov 



iiprei 



edime 



Td- -interfere 
beginning 



eeurred - 



ho Therefore, ih j t ] throughput efficiency i 
represented by the following: 



ii d ill Ix oi f i i it «1k> tin. onoc >l Mb 
cribet tti ns i ! it t i m no. ' g 1 k Ve i 
tku i tree an t is I b a t s si! t v. tit a 
10) are present, the above equation fur throughput eitlcieriey 
may be simplified as follows: 



hi e 



i the 



thpu 



tga schediifmg technique o:i the present 
o station randomly chooses subscriber 
< stations to transmit he eeiJI experience a packet error rate p. 
Accordingly, the ihroitgaput eiiicioticy at' such a "rtsndoat" 
transmission system may he represented as; 

; To ci tap ire the t i 1 ey of a s> torn ;uch is 

cotmriiadeation system 400 implementing scheduling 
MBbodiroeni ol the present Invention with thai 

■on. kt I I'll > < 

rim on loom von syoem. tb.nmglipni ellic!ena.v i) ?. 0 4. 
0.3. 0.2, and 0.1 tor respective ones of the forgoing endues of 
p. However, for » system implementing interference based 
scheduling according to the present invention, ilnisugbput 



ccordiuglo at 



station 410 schedules tr 

scriber stations of subscriber stations 420 reporting bettor 
ekaanel quality estimates which are scheduled ha c omumrm 
cations arc to get higher bandwidth. 

la order to better under nam:! the fore-going, assume base > 
station 410 provides service to N subscriber stations. The 
sib eribe.i iti u ■> a n irst 1 n ertet 

once, as may be represented b> the following parameters: 
fi ' interference duration: 

T -average duration from burst io burst teg., start to start ): 
Ti/T - average duty cycle of bursts; and 



it p. 



rbue 



-e detection time (eg , die rone between the 
>f an interiereriee burst m die time at which 
:ion is aware that ait mtoriorence burst .hits • 



hutbodirtioviisoidiic present iviveudon provide fc 
adjustment, sueb ;ts to provide data totes which correspond to 
channel qualify as detected by subscriber stations .uwl tor the 
basestatiott for example, einhoslijiients of the present invea- 
tt a nu utilize i d u hit; uieasorements to 

vleteri-mue.idata rate which is appropriate tor use with respect 
to the iasiantaoeous lutertc-rence present :n the channel. 

Data rates have htsen adjusted it) the past based on frame 
drop tale feedback, such as whore a transmitter monitors the 
rate .at dropped frames (e.g., based oa ARQ reports). For 
exouiple. when a dropped frame rate is below certain target 
vuhte. the transmitter may increase -be data rate and visa versa 
far dropped frame rates taat tire alxa-o this value. Ihe targeted 
trti w U rare f, generally quite k is kss than lOh 
Accnrdingly. a iransmltie; tnay eso a substantial amount of 
rune to del ermine the dn.-typed iomie rate to g.. tens offfrauies 



V > !K t n ^ittb i leser: e that d.d ts itt 

tiieratigeoidt.pprfmtmately 1()-3<X) msec. WI is It) the range 
of approximately 0.5 to 0 1 and Td is in the range of approxi- 
mately 10*30 msec, i orans given subsuriherswttonttie prob- 
ability (p) of interference at any given nine may be repre- 
sented as: 



If the base station was able to anticipate when an interfer- 
ence burst occurs, if would he able to transmit to a rton- 
interleretl subscriber station, the only exception being, when 
ali ofbhc subscriber stations experience interference bursts ;n 
the same time. However, the probability of ail subscriber 

S I »l s v 1 , Ok lOHl b il !kvt K til It is 

p 1 it s I , si t t s 

fttl t rat us mission to at least (me snbscriber station.) may be 
represented as i-p b 

hi this example, it takes Td seconds before the base station s 
detects the ptcscucv. of imerference- *-s^ r gib. packet 
errors m;ry oeertr a, i , probability fe 1 Id h s ii i Id 



mhle 



mpb 



sober 



stations tbf) rue being served, the tune lor doternnning the 
dropped t on. k ttcreased by factor oi'N, h 1 am t 
many ARC based protocols impicmem a re-lranstnil "timer" 
value, such as to provision the time for round trip delay 
i it it isik nd a i o \i t\ , sun f i 
set to he as large as possible. Such a rc- 



i eh tunc! i- r 1 
dgoodhtfehtr 



adds ti. the delay between the trame morgana events and the 
.ssouetcd up- s. i i.iiseaticmi sue ttw-amnci imi.. n t . 

lot Ikto ' 1 il' v 

link bt Igei Is higl ' tch s no •. r stth from vari- 

able distatrce and 'shadowing, kotoi I sn npemtmn 
according 
rates, whe: 

advafitageofgtsocllitikbttdgetslserciiiigvc all higher data 
such thai even itsh st - - ls that h .o re it .1 

reception (signal to noise ratio) are being served with much 
knverdata rate that their kt-k budget ahows. kaoreocet; whet) 
a ctiaimcd n 1 requcttify trite rrttptcd by intcrfenttg. Signals with 
i substantial duty cycie, the transmitter is must likely miabte 
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to track she teams drop rate change.-; ami the resulting opera- 
tion will be to adjust tte data rate to toe minimum possible. 

To illustrate the foregoing, note that the number of packet 
errors has a hinonxfoi dit tributkttt with mean M*p and vari- 
ance ooJ^p*; l~p). whore M ^ the number of trials (e.g., the 
number oh packets!. To ensure that the desired packet error 
rate p >s achieved, the number of trials should ho sttftie.ie.otJv 
large so that the standard deviation will ho small compared to 
tbenieamAssmmng that a standard deviation of half the moan 



.vpiat: 



. the 



Assuming that a communication system serves N sub- 
scriber stations in a round robin fitsSiion. it will take MK 
packets before the packet error rata can bo rehahly deter- 
mined. 

Denote "die eometgenee time oh the rate adjustment algo- 
rithm as 7c. Prom the above, the time of the rate adjustment 
may be represented as: 

Where 1 p is Che packet u ^m -a i time. Tito rate adjust- 
ment algorithm is effective if Tc-ooTb otherwise the rate 
adjustment alyocibni does no f keep up with the rate ofohangc 
of the interference. Where the target packet error rate p is 
sufficiently small, stich as cat the ordered' 10%. the algorithm 
mm only converge by adjusting sire one to its lowest value or 
by stopping Urns! it i oiliv 1 because tile t j _ I atuj 
rater ' t 1 e ' t Vet I 1 iverage duta rote ; a R) 

become;, tiro lowest data rate possible. 

It should he appreciated that in mi adjustable data rate 
oorarmmieatic-r: system, the total throughput will depend on 
the data rate used during the I tmes when the riausmisMoti ■ ate 
successful. Aooorchoc.lv, iota: throughput may be calculated 
as follows; 

t « - m I t 

for example, a channel with Mi'-of blockage by faferfereiiee 
achieve:-, 3 Mb/s throughput (elteciive data title). 

Trs < m-iti. tine Ht >n k i 401) mp! im alia nM.ti.ntt 
basedsciiediilmg of the preseot invetiik.it. subscriber stations 
provide feedback as discussed above whu.h may be used to 
determine the transmission data rate t.o be -mvpien'ient.ed, 
i i a in a ft i hme.n , > It >rc cut 
invention cm urfjusii the data one more accurately, thereby 



ddoi: 



uplink f 
pre fas h 



sghci 



r clai< 
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determined fo be 12*0.*>=10.8 Mbh. Taking 80% of this 
It 1 ht gbpu to count lor the 20* c t d h 
feedback ,ua the exemplary s i i t inm - v -t 
MWsihrovijputlhSi should bo appreciated that the throughout 
achieved in this exempiarv embodiment is approximately 
three times higher titan that of a more traditional system 
implet nting packet error rate c t t c when 

the expected link hi r j ss „< 

issoaated neut also i upn ^s 

the acrfof ttiaaeeoftiie exemplary commwucauon system 
improves oil. til the link Imogen while the more tradi- 
tn ) 1 packet error rate estimation system's perlbortenee is 
severely bounded by interference and will not improve as link 
budget imp c Specifics! si ■> e. t tt s 
L " sum data ram m conventional approac it will very likely revert 
to ihe minimum data rata possible. If system a, able to trade 

the O'l+N. the data rate when no interference presence will 
tml I t \ When t i 1 x \i u the % tag, 1 ta rate 
achieved by the exemplary etnbodmient o- the present invea- 

* tion will be higher as well. 

In developing rite present invention ti was realised that, 
k i i irtx s iietloa th a e rrc \ 
inu do.-.abak me Internet applications ot client svO.ci 

,. applications whom relatively small queries and responses are 
provided in tire uplink and data (ties and documents are pro- 
vided hn.hu downlink;, uplink reliahtihy may critically effect 
downlink operation -.x >, • i,. in downlink dominant 
transmission the ACK s.mmbna. nom -i dec: it! tire uplink may 

„, be very: critics " 



■tuple ;i frame of J. 000 bates can be 
>i lever 13 .ACK am no! successfully 



aboo, 



g fro 



tithe base taiionmavl tihsitaitial Wcordii! i> signaltnu 
(da the uplink and/or downlink) that r< considered critical to 
systeiRpcttiar(i)artce;-risporatio(ior(ei-:ervk.e utspm-ntnt may 
he [kaomiiied nsing a low data ram. or another technique for 
optmurmg the eirauces oi stmeessfui transmission tea , rep- 
etition- oidiin e.i vi ■. . u.ha-it t i ub ,iiu...t -.1 tl 
present invention. 

An aplink scheduluigsfrtnegy mipletnmted by coftminni- 
< tttot s t t 400 tec< i im m m men reduces Ix 
s service level variability, even t.o the point of the average 
seta-tee level imtrvoilarl in order m n . mehmhj imi 
able irpbmk cormmtmeahons fbe pnababiiio feusii- Jm> 
ttoti ot [■-'!'(.,. 2B, disensseel above, illustrates reduction of 



evel. ;• 



kdhe g 



t shghtlv rethmed tiverttge 
uperation rut on! ng to this, vmhadi- 
lity by adecjaate schedttlmg. such as 
ribed below. If varjabliisy is redtjced. 
e meiiti, oiiiages can be snbsiatitiidiy 



h la 



aradltig 



eaei; fra; 



hbb. i 



s t mi , <K i e 1 ir est i > - ibL . e d ' i i to r 
iavgfx) which can he achieved when subscriber station 
received sigattti to noise mtio is ht«h (good link bixiget). 

"so better nixiersfaud the loreeoug; a - moe that fe-r a given 
deployment of communication system 400 the link budget 
allows a ateast data u to ol _ Mb 1 iber stations 6 

are able to receive higher data rate mid some lower). With 
90% thniugbpiti elfteieiiL\ the xvvem i not v _ ipu m,\ he 



senber 



ieedha. 



uals and lane it-ur o between d,e mcminnr; sigmrl iratr.es. 
Knowing the interfe) < , ■ ' , a 4.1 0 can select 

particular ones of subscriber stations 420 thai are being 
received with snlhscient signal level to overcome the current 
interference (prcfet s t I 

with higher signal levels tor scheduling during higher level 
interference ... transmitting "crttwaP' tiphtik sigstals using a 
u 1 1 n t nut m data rate i ■ icreoses l b e pn - bah I i i ty o f al way s is not i g 
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>i I cribet m uu iii wish respect fo 

item. TOs cad he rapidly *»ne through the use 



rrespotKlinaiv, the \ s gltpuh or average 
for «tch subscriber mik-v may be given by the fob 



also 



chiiitiebno lne.u.^ 

immunity). Additional or aSteraawe techniques tor improv- 
ing the probability that critical or obactw ise Importrmt uplink 
transmissions arc received by base station 450 may include 
transmission idteuiltiptc identical tymbois or bursts sucfi that 
receiver car: increase its decision reliability, as shown in the 
above referenced patent application entitled "System and * 
Method for Interference Mitigation for Wireless Commtim- 
cation.'" 

lit order to belter umiciO md the teRgoatg tsutme that the 
probability density brrtebou t'PDP > of the i»terferarce-p!m- 2 
noiseanhebttse staliott-s receiver tnott; is kiiocen. fheFDfof 



flie 



C-Ulas 



[i by 



iate<t probabilities {Iimi. i> „,,. : ,. 
in ! .... s M ; . The nrof Tdi w ' -v> can be tuj.lt o t (be 
fecf k } »-i>f-Ttme during which the inter iereuee phis noise has 
a level of life ). '1 here. are Nn subscriber stations 42<) served by 
base siation4.i0.iind the PDF oi'tfe sternal strcnetb at winch 
they are received is known, (be IW of hie signal strength 



v be a 



u bv i: s 



ed 



i 1' i 1 \ it , p lib il i it it 

iepicsotltthePaeS!ofO>tsul lihot stations P , mugfoupof 

i sti x t ttit s u ivlu 

of subscriber stations in the n-th group is l\. l; ,*Nit. 

For cacti interference oius noise and signal ievcl. the asso- 
ciiued SINK, may be calculated as fellows- 



I ( m tl'ic tbt t t ris i it inn i vliie.h 

can be used for that paitieutai a>jnbm;itjot! of inierference 
and subscriber station can be determined. 'The case where no 
transmission is possible will correspond to a » rate. These 
data rates can bccolfeied uuo an NxM rate matrix R, suehus 
thai shown iti FIG. 8. 

for each interference level base station 4 JO may serve 
in +> i n ipa dskrru ntd -i of 

probabilities { i\ni.ti }] . where P{tn. a} denotes the fectloiiof 
lime during winch subscriber stations in group a are being 
served whet; hie interference level is in,,} Chest' probabilities 
e c ecie iti \ N n l tteh asUia h< vti i.n 
PIG. 9 wherein each row of ibe matrix adds up to unity 

The average throughput tit the system, i.e. the average data 
rate flowing through the base station may be given b\ the 
following: 



de a similar level or service to each sub- 
eferred embodiments ,:rf the inverthot; 
is the sarne data rate to each subscriber 
i.le measure of btirne.s; is the ratio of i.be 
.■erago data rate, as ibfiuws: 



cte It it! Lien ne he u iabil e ['mint > t 

maximize the system throttaitpu: Ravg jbr a given tain 
fewel. However, this is difficult to do directly. Accordta; 
N embodiments of i.be invention utilize the iol'lowteg oplirnl 



he a weighted average of tee ivsieui throughput where s'.sb- 
n iti o i ition.tiid 1 ts t ..R >p- n ..n, idi et t wtu.di 
w; nb If all subscriber station, groups gei the same weights, 
then maximising Rwavg Jeads to the optimal throughput 
vlnte irm ruin ny notion o <ihk ->. H a ng orew igbl 
to a given subscriber station group, the scheduler will tend to 



igbts 



Ibe is 



be improve! compared to the equal weight case. Where 
se.fnsit.ii.ca-, such as may be operable within controller 411 oT 
,.; base station 410. arranges the signal levels by ascending, order 
fretn to I to cT, the foreiioing weights may be chosen as 
follows: 



Where O-ca-es ]. By choosing ddfen 
difiereiit choices of the weights may be 
The optimization nitty now be lormt 
IW-g over ill p >- i e ehs ices . I i> 
corisiratttis Pt (n.n)>"-T>, 1' j (jhjiK""-3, i 
,N.Becm»et 



ad.lhel 



„ lived b 



1 i s his.lt js r idi trq < ed it > 
sitchastha. o fconi roller 4 t 'L 

An example of a throughput cumulative densliv funetioii 
o m - sptesentedinf'IG 10 V e m eseettl cm il 
FIG. 10. the effect of ev|x-o.uteKtiiig with the a, coetfrttetsis 
withuii- •.ebscfubtie tibeei rve ialvled tei"os .alts m ,i n m 
outage fibrthe purposes oi! ti J« L^tf t "o 
than with scheduling (the curve labeled "scheduled"). 
Accordingly, it cats be seen ihat scbeduliitg aceotdma to 
etnbodiatetes id r the istveniton eat) eliminate potential outage 
by reJuun_ tf a tm sy_ , ( t ouet 
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An alternative approach to uplink scheduling, which may 
be implemented according to embodiments of the invention 
may give all subscriber station groups the same weights, but 
tt mi ii.uiri.ri g he a,i»« of Rn girl). Minim m the 
vai'iaiufiP Ra-.puji sviH uhriiiiti/c die variability oft.be trans- 
im.Mnn rites to ItSboem subscriber stations. It. Ha. ewe the 
following ■ .pfnm/ Pwn may be utilized: 

Minimize over ad possible choices of P(in,it) 



subscriber s 
.•OKiiilg t( 



For example, assume centum 
, sabscn i 1 . 4w 

using a set of or dilferent rales ( 
{'<■„,: be the probability that ^abs 
operate at rate number i. As dm 
that the interference etwuroniiieni 
tiorts are independent and then 
at!) cribei stations max be c:otis 
variables, it) this example, there 



and ;>fm,np-d>. IP in.nK d. aad vpim.ab- 1 for.m-1 . . . . N. 
in tins case the coal ftinetion is a quadratic function of P(m,n), 
so this can be solved by a qnadrttic programming algorithm , 
as may bo implemented in controller 41 1 of base station 410. 

Having described uplink scheduling, downlink scheduling 
according to embodiments of die present invention will he 
described. An aimofdowoiink interference based scheduling 
aeeor< the , 

mcc toad Mi' e del it] u tt K it m m tt tnnlii 
user diversity as mentioned above. Mane. subscriber stations 
that happen to be "rmfbrumme" as a result ot low signal level 
or excessive inter! create tuny not get the aiiaimttm service , 
level (e.g., tltey .amy be m outage). fo prevent tins, commu- 
nication system 400 of a preferred embodiment operates to 
ensure thai these subscriber staiams are served despite their 
"uaftMttmale" situation. 

In exphn.iiion of the forego in e cfoun'mk -eheduhmz eon- 4 
cep;s, assume thai there are several subscriber stations 420 
tint tire being served by base station 410. bach subscriber 
■.1 it -Hi inn 1 i U id n 1 i i a > v t n .. t a iqttene ,0 
that base station 410 is trying to "push" multiple queues as 
I 1st 1 bl shd ui 1 1 1 l the wot hut - 
nam will be .ibeq.iuteiy served In operation 
an embodiment, m eaeii instance base staiaon 
she quality feedback front the subscriber sta- 
ti.bt.-tf ahoie. Base stahon 410 may selects the 
tioti having the best channel quality measure- 5 
eetnordert< maxiau esysten.ulirouub.ptit If 
station's, channel quality values have the same 
pteucs wall I i k vevt v b n 

bscribe rstatit was are e x peri end tig a 1< nver q ual- 
g., lower signal level. higher mtertereace level, , 
"1 theses subscri ber stations may not be selected/ 
mseqiientiy their queue's will grow 
1 bedui 1 ice - In t sin ot lbs 



nil . 4ii 

4 t e ( e ic tc cs 1 ngew the probability 

by which subsef.i.bor stations tire selected for service. For 
example, the selection process may "prefer" the "unfortu- 
nate'" siibseribet statiotis over the more "fortunate" ones, lit 
libs ease, much like the uplink scheduling technique dis- 
cussed i cr st 
beartilici 1 1 hut tpurc bes out of 
technique did ties 



ire M s 
snbscri 



dblb 



teh of the Ibrege 
table, lei. r, ffli> dot 



may he constructed which oomnim 
combit rtvns of rates. In ihemcomp], 
ihe Kite ch" subscriber station nmnber t in die m-th row ot the 

; table. In other words, {;',,,„.,. t t(m> . - , py.^a.} is Lite m-th 
c aitbu t 1 i d mtes Iht prtKohtv <i im\ uttnbimtioa 
occurring, pin)., is the product of lite probabilities of sub- 
scribe! tut 1 aa its ssc 1 t 
uui thei" 2 iiavlng rat 1 1 lb 

1 specified by P M . 

Opcmtloa 1.1.1 the ptesent ira etiiK'tt ptefeiatdy decides how 
many time sires 10 allocate to the di Ik-rent subscriber statnais 
under differed] interference conditions to provide substan- 
tially uniform service levels among iht: subscriber stations 
first, t oiisidcr the case where the iutorlenaiee cvm.dino.rs are 
unknown and therefore a fixed number of .slois may be allo- 
cated to each subscriber station. Let s. be the number of slots 
allocated to subscriber station number o Inen subscriber 
station number t will experience an asaTage throughput of: 



\. rii.i.a K thet ta.l system no pu in this example will 



n.cnts uh o k 1 1 a is dt of ed 

above. 

Now consider a ease wheal; the mierlbrenee vomlnums at 
each subscriber station, or equivaleniiv ihe rate combination 
.it) which exists ;tf this time, is known atid twliednlusg accttrd- 
m§ to an embodiment of the present invention is imple- 
mented. Under these coudhioos a seijeduier of the present 
assign s,.,„, . slots to sitbscriber station number 



O.lU-l.l. ;.t;,l\ , ;t ,;,so,>J. S ; ,^ ;i N.lOtN lO SCONS.J 

\ssuming thai: boih the reference syst 
ing system use the same tinrabcr of slots 



ml b 



ledtt!- 
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The average ihtsvughput per subscriber station with schedul- 
ing may be given by: 



r, * £ riutttM 



The total average throughput is green by: 



Operation of a scheduler according to preferred embodi- 
ments of ihe imea&xi maximize the tola! average throughput 



tene, i .f the present invention may operate to ideuibv particu- 
lar- subscriber stations in the uplink mapw aich are io iransrnit 
channel quality feedback continuously (e.g., until a step 
tiistrueiion is issued). 

An Ikmiti s approach t -< kdi ] i ofteedback rues- 
w, u no uop e i i>v nltnk map v lu.J itm-nuees ^hkh 

i her station at k a! at 1 Vecordi > k ah > n 
embodiment, the subscriber stations identified in the 4«. 
lit* may ccrameooe feedback n -■ -sue! >sed<sn 
.in uplink map. until removed from the downlink map. 
Mthoi-jhths tpraiahin' ii >t Jt \ LL i Hi 

uf c tf at 0 in m it! .a >f s tx to be 

served wiH be iachtded. 

Jambndimeuisol ib.c preset;: in; cotton .-nay implement one 
ormow oh several approaches to estimate the recommended 



a ihe 



ed e< 



for all ro A fixed number of available dob. 



J\ r m s m il<ni s 



kocofdmeh Sheaoerag ho ;h par subscriber station i.s . 
artatier that, m ihe ret- mucc sysrernO 

i should be appreciated l hat changes in k,< probabtl- 
t t , Xs t t i s t 1 lit i 

upind-: communication may be provided tor in a mimbe.roh 
different ways, For example, statistical dislri button, historic;:! 
urstovsis. po tostK :■ iihms etcetera ma be utilised 
■ .hi 1 i < i, f ,<s ,t in Mun M.i 

ovx ca ibmaiioix ol liar u;cgn n » i 1/or ethea flection 
i , ehangu ' liqnes may he implemented tf 

desired. For example, one or more uf the foregoing may he 
combined with a qtiiisi-ranctoru or rainless model selection 
ilo change iechniqae ui order t< ensure that 1 sub- 

soaker k.ita ia. f aoJ.d solial t t i] i tit tits 

s sp v ( n\ tiki l 1 1c itt hill JKltut h ^-C 11 

ries up.imk and downlink snaps to implement scheciuhtrtg as 
described herein. Forexamrde. an uplink map may be utiir/ed 
to miorm each -iKeuixr station in the network obits ,![,, 

Pio«iceiia,^uhsoribc/at;ii;rn3s;i]sxoe,iuai[o.ii !; utt the oSUacote.a 
slot in order so provide the aforementioned feedback mes- 
sage. U'the subscriber station ha* data to be transmitted in the 
alhxak s v e message 

may be attached to the data. However, ii'ihesubscritersJation 
d x t o! iOc JuU k be Uet^m Us.d u tik . 1 „ tka t a 
c ,! ial .i > 'i u i ta< p isms message is preferably 
sent in the allocated slot. .Additionally or It a ti el sys- 



l < kbit i J t \ c } -\l w o 

nel or data section of the TDD frame is inactive, nnd/or 
calculate the ratio between the two values to derive a G : l 
estimate. Addit.ionally or a hermit tveiy using a matched Titer 
(ctoss-eorreiatiotii .an control channel fratm ma, provide a 
correlation coeiitctent lor C-'l estimation. {-13011 subscriber 
st ttu I 11 is • m In ititihn ,u I hu.aico,,!!' 
channel frames within given inoerval. Since the number of 

it I I mdl 1 1 1 tx 1 1 v. 

channel frames reception mil of n irunsmitkxl can be used to 
determine channel activity . 

Ahhoujih the pre -out imenumi ai- 1 its sh muxes 1 
ixo) too 1 1 ! 1 S ti 1 1 t I'll Htiinis 

changes, substitutions and alterations can be made herein 
witkun depamnp frotat die invention as defined by the 
appended claims Mareavev, the scope ol the present, appii- 
catiosi is nca uitended m he hnnied to the particular embaxfo 
uients of the proce.-.s. machine, mauidaeivav, eomposii.ton of 
matter; men- medieds and o.eps described in she specifica- 
it.oii. As one ss lli readily appreciate front (he discfosare. pro- 
cesses, machines, manufacture, compositions of mailer, 
means., rued'iods. or steps, preseiiifv existing or later to he 
AtJ<r- th prat, an i Im m.lf 1U ^ icic unitO u ol 
irhnw ,1 ,t til !b the >k . tit s ttic lonvsjx-nding 
etnlxxhmeiits described herein may he atihaed Aecord(iig.ly, 
the appended ciskas are imeoded to tnelttde wi&in. their 
scope such processes, machines, raaiUiSaerare. compositions 
of matter, means, methods, or steps. 

Wliatkelairaedis: 

1, A method for enhancing, wireless c.arntnanicatiotis, said 
methtid comprising: 

rneastiriiie, in reabutne. itnerferee.ee uieines associated 
with links between a wireless comtni.iaie.totm node and 
a plurality of client nodes, wherein stud measuring inter- 
ference m tries inc ides d - r r t at- ion 
sity ftin.ctioa ittoicntuig uiterfeie.ri.ee pins noise during a 
fraction of Jiroe; and 

real-time schedniiag, based on said atterfcrence mtlrics, 
eommimicattotrs between said wireiest, communicastor! 
itodi uds id plurality! fclieo w iesto ed c^s V !,u,c 
ieveJ variability among said phtrabiy of client nodes; 

wherein the wireless aaamtssdeatiots node perfis.rms the 
k l-timt cii ehail f die client node* and 

wherein wireless contmttnicatiotis between a pair of cit- 
r tt t dts tr.tn-:! ti! tigb t in .ominimK alio ode 

2. The method fit" claim 1. wherein a channel set of a 
plnrnlii) .,11 
pirn ility ! idu 1 i portions 
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3. The method of cl «ms 2 w « service 

area portions comprise sectors of said wireless eomimmiai- 
tion node, 

4 The mothx! oi chum 2. v. herein s.ud ,idj;u et)t serv ice 
area portions comprise radiation patterns o( a plurality of 
vMteVs crm 101I1 n i > Ls i i p t dm i i wireless 



odin 



51 4. > 



re lew; 



■> 1. wherebi said meamsring inter- 



mention node of said plurality of wireless communication 
nodes, schedules transmission independently seed dial trans- 
missions occur in :t channel used by wireless communication 
node only a function ot the time ami rue randomly mi i form! y 
distributed over toe, 

6. The method of claim 1 . wherein said real dime schedul- 
iiweommtniu.alkais reserve:, selection of client nodes having 
Sow interference associated there-wish, as determined imrn 
said interference metrics, until oilier client nodes having 
higher interference ,si,sociated therewith. determined ti'om 
said mterierenec metrics, have- beeii scheduled or are deter- . 
wilted to Stave sullioieutlv high mterfereiioe associated there- 
with tbtteomtsuuficnftou ;s iiudoMrjhic 

7. The method of claim }. wherein said, measuring inter- 
ferenco tnetn.es includes- 

said plural ity ofclient nudes continuously monitoring eon- 



rol cl 
8. 1 he metho 

icreacc metnes 

measuring statistical iriterlerenee metrics, 
9. 'Hie method of dams 7. wherein said control channel v 
transmissions are made using a synchronous protocol, 

.10. The method of claim 9, wherein said synchronous 
protocol comprises an [fids bO'l 16 protocol 

11. The method of claim 7, Pother cofiiprisiag: 
selected ones of said client nodus providing a feedback > 

massage to said wireless iWhii niu node 

12. Tile method of claim tl wherein said feedback raes- 

s _c C > i s 

B. TsWmethod of claim ft. tuilher comprising: 
said wireless communication node determining said 
selected ones of said client nodes from those client 
nodes most likely to need Communication services. 

14. The: raeihodofclani] f J, wherein said deietrui nine said i 
selected ones of said client nodes comprises : 

mini ft 1 f ' 1 - "v a ti i iti n 

15. Thenretbodof claim IT wherein said detornnniag said 
selected rates of said chem nodes comprises: 

name time since last commnnieolion mf ■rmation 

16. The method of abort] 1 T wherein said determining said 
selected ones of said client itodes comprises: 

using a access harness determination. 
I" h\r a 1 i.t | h i li i! Ut ittnel 
Uieiode- tec J ■ .e comod 1 norm then io e uirol .< 
selected ones m client nodes u pi \ i k a toodbach nies- 
ag^ > tl i. ui utv in nt h i uded UjS nterfer- 

1<S Ik et 1 o- clot > 7, v > 'is- ; sod etii.i channel 

include ad t vaikdceomrciitmca- s 

1 nilMpii't its Mtitt^Npe t !( C is it [i. tkL) tl lo 

in accordance with said real-time scheduling communica- 
tions between said wireless communication node and said 
plurality of client nodes 

19. The method of claim 7, whereto said control channel ■ 
includes an uphstk map estabhshmg uplink cottuiiuntcatioi) 
assignments on respect to one or snore said i tut nodes in 



accordance with said real-time scheduling e 

between s 1 

(if client nodes. 

20 Inc method of ctaim 1 further w anpiwinc 
controlling selected ones of said, client axles to provide a 

I sth d Av o d k Ou v.e < c 

ricrf information with respect to anasnociated downlink. 

oik 1 with n i iilu sh n nodes I it m s o 
sps n ling i ies o ud fe h cl tn ;s ig , 

22. 'Ihe method knm 1. wheret i Id tea tits sc .1 

tiling nimnnication In in npiiul is coriiroiledioprovide 

npltnk to.ir.si)nss(on (ebabdiiy wnh mtmraf/.ed serejeo level 
friability, 

23. The uieifiodef ciaaui f. wherein said real-time sched- 
uling ei < ortinuJtnr itiotts u: i di \ t\lh\\ is comroik i to pro- 
vide a destred dowalmk tens&msiofl bandwidth with tmtti- 

' 1 id\M,eks v mimt 

uicalionno.ie eontpri sc.; a base station providing;.! put? ashy of 
wireless Jinks. 

25. Thfi Ktethod of claim 24, wherein said base stattort 
utili/s-s a .narrow beam antenna array tn providing said ght- 

f ' ' " 

c mprisc u nbi. n 

dons provide wireless links to a plurality of subscriber terrsti ■ 
ttalsusitisr a protocol difterent thanltuii intpletiieniel ma link 
lietwcsai said siibscribei station and said base station. 

28. A method tor providing wireless communications, said 
method comprising: 

obtaining interference metrics for a plurality of wireless 
cotniienucniion links v.-hctcin said obtaining interie-r- 
ence metrics itseltsdes determining a probability density 
fdnclic nind.icatit terlci c jdu.s e lurt.ti ! i jht< 

c f s ud pis t iltts d i .telcsv cottMiiunteati m links usmg 

ihroughprit while rc\1nciu;< service level v.jnabilior 
amottg said pSutaitty of wireless eomttrutiicatioii iisiks; 
ansi 

real-time scinshthng uplink communications via ones of 
said plurality of wireless conimunicailiin leaks using 



of wtx 



wherein the real -rime :,ebedn)mg of downlink cummmii- 
catiorts and uphta ct tn s { crfoorted by a 

wsrehaa; wimnt i.iti tan koie b ilndiaiotiwiii- 
chi.k.uis over the wireless eorruraitucatiori links transit 
2«i file method ot eiairn 2S. turttter comprising: 
e.nabl.uiy all iresgieticy cbanueh for use ihrostg.hot.il: all 
areas of a service area of a wireless network, said wire- 
les n tw d go ^ji inc tic t> t hit >f svirek c in 

M> I he uelloij ol .! urn 2fv Abeieai s mi phtmho of 
wireless communication links ate associated wltlt a the wire- 
iesscomnmtiicatmri node in communication with a plurality 
ofclient nodes, wherein said wireless comtnnoicttti.m node 

- Itedt ott r-rt- t m a iki iw . :w i 

on a particular charme! occttrs only a fraction of the- time arid 
it random!} until nit 1 d ovei iiase 

31. The method of claim 28. wherein said wireless eont- 

muni jtur links are as via ted wtd a plum I its < cjiern 
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node* served bv the wireless communication node wherein 
s i it l-fimescfc httiag downlink* unmimkatkm resent 
selection of diem rutlcs 'having low mmrierence associated 
di. j Ail ml thtr li ii 1 i ,i ..i .mih 

associated therewith haw boon scheduled or are determined . 
io have sntlk.iemly high interference associated, therewith 
dial eoimimmcatieii ;s mjdcsmtbjo. 

32. The method »f claim 28. wherein said tireless com- 
immiearion iinteare associated with a plnmlity of diem 
nudes served b>y the wuobess comnmtm abm, nedf, vherem 

lev l . e <d d c d u having 1 < iaicrionmce t-, c iled 
therewith until other cheat nodes having higher irnerference 
nso, < ,d v o >. uh h been s i hd 1 r are d kiraii 1 
to have sufficiently high mter&reace associated therewith ;. 
tl 

33. The method, ofclaim 28. wherein said obtaining inter- 
ference inetn.es Includes- 

each id t plurality ol cheat t n t a u i i i i it rm 

st control channel in a downlink; 2 
storing interference metric mikrmuhon as determined by 

said monitoring said control channel, and 
particular ones of saki client nodes Eraustrntl.ing a feedback 
message its response 1" a feedback message control sig- 



; interfere;,, e r.el i . ;ssocitl!<sd with a 
plurality ot , .. i- 

iion system, whereat sate interference metrics ate 
determined from a probability density inaction, indi- 
cating interference pi it?, noise during a fraction of 
dme; and 

i rest-time scheduler in commtiinontkm with said 
memory and applying, a i 1 t> sk . la , tl i 



rbhm 



dd a 



whed- 



munication links to minimize tut of 
l iiitu.ilni sendee k\t. w utini * itb said 
plurality of atnuntinioation links. 
44. itfe. - eem ofdatm 43. wherein the base -nation , „ n - 
notkr mokcrecmprismg 

a subscriber station eon; roller hnviny a croc essoronerable 
io monitor a downlink eontro! channel and derive a 



i sub- 



mit it 
M !bc 



wardes 



d claim 33. ; 



plurality of diem nodes as a fern.; ion of client nodes 
\ t<> need sen ice by said wireless cotnmtmi- 

35, lbs method of claim 34, wherein said selecting par- 
ticular oiws ofsmd cheat nodes comprises: 

deiemt.mi.ng client taaeiei. most liked) to mod service man 
trasiSims.eio.il queue information 

3b. The method of claim 34. wherein said selecting par- 
ticular ones oi .said chenl nodes comprises: 

determining client node:, having a longest time since last 



• »3i vbe.r 



t 1 signal k 1 1 aaiioii controller to provide a 

feedback message including said pot -ion of said intet- 



46. Ike tysteit ot 44 heron -.ad bn.sn station 

controller monitors said teed hack message to determine ati 
uplink interference metric comprising a portion ol'smcl inter- 
ference metrics. 

47 11 teat ■ of. claim 43. w-h< rem sen iet level t ri ml 
ity minimization as provided by said real-time scheduler 
r< nib io i re us i it it) cine e a w. c i cti-pot 
ba.udvtdih while movlna a minimum service level above an 
outage threshoid service ievei. 

48. The system ot dams 43. wherein sad real-time seised - 
ding algorithm reserve.; selection okmbscr.iber stations [sav- 



bedtm 



s It: ( 



;edui 



j nmh 



other sab 



37. the 



ad is 



urfkef 



38. i'he method of claim 28, farther comprising: 
etetemiintng a downlink map consistent with said sched- 
uled downlink conuntinicalioro. 
3t>. The method of claim 38. iunher cmnprisingi 

i did p via vatd witt uNs u>mrmi- 

nicatton Sinks. ' , 

40. Tiie rttethotl of claim 28. itiriher comprising: 
detennimng an npiiijk rnup eonsisteti: with .said scheduled 



sfioas hssviag higher j)«erferenee associ- 
ated therewith have been scheduled orare determined to have 
mtbcieady hiah interference assr. mated thorereilb fh.ai eotn- 
mtitncatiottisntidesimble. 

49. A mettiod lor scbedahng wireless commn.meaiiom, 
said method comprising- 
providing a pluralny of eh.a.unek tor use in each of a plu- 
rality of service am portions; 
detentiinitig Jink cjuahty metrics with respect to links 

]^s Li .n " i e . m ■ 1 at ipl uiht 

of diem nodes, veberein vnd determining link quality 
metrics includes determining a ptvdiahdity derssity fnnc- 
ueti indicating interference phis noisedminga fraction 

re-fl-fime schedt >v t as hs tise wireless 



41. 



a links 



of elasm 40, ■ 
d uplink ttiap 



42 1 i mi 2h v hv - i 

level variability results inn redact ion in an achievable average 
hr is limit - • >. inlemovijisa iiinitntitn service level 
above an outage threshold sen ice keck « 
43, A cotinnunication system comprising: 
a base station controller distinct from a set of subscriber 
siutions wijcivtn cotnan:.: . ... iw b< ween sitbsenher 
t 1 s m i It hi h 1 I i~t i tit iia in tkr in 1 
wherein the I ienicuts a sym r 

chronons point t » . 1 a.ocoL the base 

station controller comprising: 



d en tode having acce I tri vtt! 

respect to a first channel of s.ad plaralli.y of channels 
cxpertet)ctt;t> hteh levels ot interference is scheduled to 
use said first channel while a client node having poor 
link quaiitv metrics with respect to each said channel of 
a service area portion is schtxtokxi to use a second chan- 
nel of said phi 1 ■ i exp ieaeing lower lev- 
els of interference than said, first channel. 

50. The iittsh«l of claim 49, wltereiti said plurality of 
ch u mis pi n led i s uh ser. ce m t port toft service 
area comprise a same set of channels. 

51. The method c>f claim 49, wherein said wireless node 
schednies transmissions such that t.mnsjiils.sions on a parttcu- 
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52. The method of "d am i 50. wherein said service area 
> if j ;:i bust* stsriun service- i i ami i i { ! t h t 
M!Mu iK n 1 1 el- -< 111 Hhi lie 1 I 1 I 1 it. Ire d -UH • 
aniCillta heaiiiS of'siik! base SlEltio.fl. 

S.V The method of chum 49. wherein said client nodes 
c p hi hi <. u in ut i lieu 1 i Mt ii i 
wireless communication node. 

54. The method o!' claim SO, whereia said service area ; 
comprises ;.i network service area including; multiple base 
i > i 'hi i 1 hp ice fire t j riioiis comprise 

are. » ifhimin ked b\ adi.it en! niiemiu beam (f j roultipb "ties 
of said base stations. 

55 b I >d i 49 1 ii! bed- 1 

implementing h»nt«l ioadme ofeaeh ebantsei of said pin- 
rainy of charmefs riser! in a service area portion. 

56. Tile method m' dam) 5?. v, herein said implementing , 
cd loatiiri labli b.- 1 , 1x11 urn loadin ir each 

channel correspoiiduiy to the reciproed oi a number ot chmt- 
nels of said plurality oh channels used, in syid service area 
portion. 

57. The method ol chum 56- wbeceiatraastmssjos) for each 2 
chaatR.-i is randomly uniformly timtr disiri hiite-d 

58. The method of claim 4% wherein .said real-time sched- 
uling commum ' - - diem nodes hav- 
ing km mie-tleros-ccassocremd ibeiev. kb. urefreerimned.fh.xn 
saui fi.uk quality metrics, until other client nodes bream: - 

vi 'i - elated therewith, a- detoniibiod from 
said link quality metrics, bare been scheduled or are deier- 
imu i t >n e u 1 .real it toik ui c associated Ikk 
with thai co.niirum.ieaiion is undesirable. 

5<>. i'lieiiic-iiiikiiii claim 49. wherein said determining hid- ? 
quality inetries includes: 

ones oi said plurality of client nodes continuous moni- 
toring control channel transmissions from said wireless 



(,! rb ci»<ttiio^o.tc lai e red. n } channel 

icludes i mi mi 1 re v. ,n , , n dowuihik oimnui 
n issmn re tth re-speci So one r more re d client 



nodes in accordance with said restl-time scheduling comtnu- 
nicatiorss between said wireless communication noiie and 
said plurality of client twdes. 

h2. The method of claim 59. wherein reel control channel 
mchid a uplini m | >i i it i n I) k in am i u 
assignments v. uh respect mono or more 'Slid client xtodes m 



lift. 



■cteci one; 



i-xies pro-- 



comirel of ».iid wireless communication node. said teed- 
b tckiiie- i - ii in in ml oai i re m. t rospc ■ h- -red 
8ak quality metrics. 

n4 kbe i t i . - K n t <>3 art iei >m{ mm; 

said wireless a>airounicatk>« node determining said 
selected ones of said tdieni nodes from tiiose client 
nodes most likely so need communication .services 

65. The method ot claim 65. wherein said deicrmtnmg s-ski 
selected ones of said client nodes comprises: 

using downlink queue mamma Hon 

tm. The method okc!mui6.i, wherein said determining smd 
selected ones of stud client nodes comprises: 

using time since last omnrmmicatren udormmiton. 
67.Theiiicih iofc 65 i ermining mml 



'•5 re . .re i p i i) 

measuring btstasrtatieous npimk mierSc-rcnec inetries asso- 
ciated wnii aariiculoi cljem ;i;x.ie- b> iitoiiitoiittgeorre- 
spondingones ret ,-nd teedbaek mcfeages 

69. The niethori ot' claim 49. wherein said makiune soiled- 
iihiie o re sum irn hum t '-pink i, n nirededlo pi on 
uplink transmission reliability will, .rdnmjir.c.i sc.rv.ice icvcS 
variability. 

70. Hie mciiitsd cd'claati 49, wherein said renS-litnesebed- 
uling oi'commuaieaifons m a doxrebmk is controlled to pro- 
vide a desired downlink iransruissiiin battdwidtb witb mim- 



7.1 , lire meilu.d. cf claim 49. is herein smd v- i.rc-lcs ; . con: 
mifnicEition nock: miiizes a Harare- beam antenna army i 
providing said plurality of wireless links. 



